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Introduction
This research studies the role that human capital and relational capital play in innovation. To this end, we use a general model for innovation composed by one basic equation that has human capital, technological capital and relational capital as endogenous variables in order to explain innovation. The creative mixture of these three elements generates technological innovation. The process is based upon the assumption that relational, cultural and regional institutional factors contribute to a better understanding and support of human and technological capital, eventually working on innovation.
The adopted model will be estimated using robust econometric techniques from the available data panel for 
A NEW APPROACH TO INNOVATION AND ITS APPLICATION TO THE COUNTRIES OF THE EUROPEAN UNION
model will then be compared for several alternative definitions of human capital, technological capital and relational capital (open innovation and in-house innovation), the comparison being made by their impact on innovation production. Finally, factors bearing on the production of human, technological and relational capital and the generation of innovation among European countries will be analysed in detail, and some conclusions will be extracted from the results obtained.
Literature review
The role of human and technological capital in the innovation process has been a topic of increasing interest and discussion among economists, geographers and other social researchers. Some of the most outstanding studies of those issues are listed below. At the beginning of economic theory it was thought that regional or national natural resources were the main factor of growth. Subsequently, natural resources were replaced by all kinds of infrastructure, mainly for transport, human-made. With the industrial revolution and the subsequent theories of Solow (1956 Solow ( , 1957 , technological progress becomes a key explanatory factor. Nowadays, after the major contributions by Lucas (1988), we tend to think that the main factor of growth is human capital, understood in a fairly broad sense. When talking about human capital we should not think exclusively of education, experience and skills of the workforce; rather, innovative capacity and human values should also be considered. Even in line with the New Institutional Economics, we can think of the quality of institutions as a reason for economic growth. Basically these are factors of modern growth theory, especially those developed from the mid-1980s until today. Furthermore, in this regard, Solow's (1970) work stands out, which highlights the relevance of the effect of technological change on economic growth.
The studies by Jacobs (1961 Jacobs ( , 1969 focused on the transference of knowledge in cities. In her reasoning, cities played a crucial role in economic development through interactions among people and the generation of new products and new technologies.
Later, Romer (1986 Romer ( , 1987 Romer ( , 1990 establishes the connection between knowledge, human capital and economic growth through his endogenous economic growth model, arguing that investments in human capital create externalities and increasing returns.
The seminal endogenous regional model of Lucas (1988) considers cities as transferring knowledge and generating powerful human externalities that increase productivity and boost economic growth.
The connection between human capital and regional growth is also supported by a large body of empirical evidence studied at national and regional levels. In the same thread of thought, recent research (Barro 1991 , Black & Henderson 1998 , Eaton & Eckstein 1997 , Glaeser 1998 , 1999 , 2000a , 2000b , Glaeser et al. 1995 , 2001 , Glendon 1998 , Rauch 1993 , Simon 1998 , Shapiro 2006 , Young 1998 has tested Lucas' hypotheses empirically, stressing the role of human capital and economic growth. Berry & Glaeser's (2005) work highlights the growing gap in the levels of human capital among regions in the USA over the past decades.
Finally, Florida (2002a Florida ( , b, c, 2005a Florida ( , b, 2006 , Stolarick & Florida (2006) , Florida et al. (2010a, b) and Mellander & Florida (2011) advocate the need to better understand the factors that generate innovation. They have created a new concept of relational capital which enables territories to attract talent. Further, they conclude that innovation operates as a dynamic flow rather than as a static stock. This paper argues that the key factors are collaborative relations existing among universities, private companies and public administration. In line with Leydesdorff's (2005) triple helix model, Warren et al. (2010) and Roth et al. (2011) consider that the university provides a foundation of human capital, scientifically trained, that, when adequately related to private enterprise, can generate open innovation. However, it is still necessary in the relationship between private companies and public administration to implement a discovery and make it real. In these circumstances, the link and liaison between human and technological capital is relational capital, and the link is collaborative and appropriate when it is performed with innovation.
The model

Structure
To shed light on these issues, we developed a general model of innovation for European countries, with the aim of isolating and analysing the independent effects of human capital, technological capital and relational capital on innovation.
A schematic representation of the general model of innovation is shown in Fig. 1 . The arrows identify the hypothesised structure of relationships between the key variables.
Next, we will proceed to estimate the contribution of human capital, technological capital and relational capital. We will use an aggregated production function whose variable to be explained is innovation or throughput, its explanatory variables being the three defined production factors, viz. human capital, technological capital and relational capital. Such a function will be of the type: 
In this equation, innovation is represented by I, and it is explained by three production factors as the effect of human capital, represented by y 1 , investment in technological capital, represented by y 2 , and investment in relational capital, which will be called y 3 . Formula (1) will now take logarithms, obtaining the following form:
where ε i,t represents errors in the econometric estimation, while the rest of the variables are as defined previously.
The model helps to unravel the way of production in an innovation approach. It also enables a simulation and analysis of the effect of relationships (relational capital) as moulded by various institutional and regional cultural factors -for example, universities or private companies, and the empathy and support of public administration -on the geographical distribution of innovation.
We have also included the innovation index from Eurostat. This is an indicator based on the number of patents registered and applied by the EPO (European Patent Office) per million of the population, our source being Eurostat and the European Innovation Scoreboard. This paper will use a set of econometric and statistical techniques of panel data regression of human capital, technological capital, relational capital and innovation, in terms of the number of patents, in order to study the nature of the causal relations between the variables in the model described above.
The data
In 2001, the European Commission, in order to track innovation in Europe, suggested performing an annual report with innovation indicators and their economic effects (European Innovation Scoreboard, EIS). Thus, each year there were annual reports with indicators by country (from 2003 to 2009), with 31 indicators. Also, every two years (2004) (2005) (2006) (2007) (2008) 15 indicators were created sorted by European regions. In this paper, a comparison of the EU-15 countries is carried out using data extracted from these reports, the main sources of which are the Eurostat databases.
Human capital
As previously mentioned, to obtain an index of human capital in the EU-15, two indices were combined: population aged 25 to 64 with tertiary education (human capital 1) and share per 100 people between 25 and 64 involved in the learning processes throughout their life (human capital 2). All human capital data were extract- ed from the Eurostat and European Innovation Scoreboard databases, and scaled from 0 to 10 points. lowed by the United Kingdom, Austria and Germany.
Technological capital
The following indicators were used to obtain the synthetic index of technological capital: % of GDP for public expenditure on R&D (technological capital 1) and % of GDP for private credit (technological capital 2). The data concerning technological capital 1 were extracted from the Eurostat databases, while those for technological capital 2 from the International Monetary Fund's International Financial Statistics. The data were scaled from 0 to 10 points. Table 2 and Fig. 3 show the magnitudes of the European countries analysed that reach the syn- 
Relational capital
The synthetic index of relational capital is obtained from the following two indicators: sum of small and medium-sized enterprises with inhouse innovation activities (relational capital 1), and sum of small and medium-sized enterprises with innovation activities in collaboration with other companies and institutions over the three previous years. This indicator is a proxy of open innovation (relational capital 2). All the relational capital data were obtained from the Eurostat and European Innovation Scoreboard databases, being scaled from 0 to 10 points. Table 3 and Fig. 4 show the magnitudes of those European countries analysed that reach the synthetic index of relational capital as well as the different simple indices that compose them.
The main results obtained for the relational capital of the nations studied are: 1) Finland, Denmark, Austria and The Netherlands occupy the top positions, while Germany, Ireland, Sweden and the United Kingdom follow them closely. 2) It should be noted that regarding relational capital, Spain, Italy and Belgium occupy the last positions.
3) The other countries are in the intermediate section.
Variables used in the model
The variables used in the model are as follows: -Dependent variable: innovation
The dependent variable used in the model to approach production is the innovation index, or an index of innovations implemented in the real world; the proxy used is the number of patents in the EPO (European Patents Office).
The independent variables are as follows: -Human capital
To represent talent, we considered the human capital index as the traditional or conventional indicator of human capital, measured, as mentioned, by the combination of two indices: population aged 25 to 64 with tertiary education (human capital 1) and share per 100 people between 25 and 64 involved in the learning processes throughout their life (human capital 2).
-Technological capital
A technological variable is included in order to take into account the independent effect of technology on regional development. Besides, the effect of each of the indicators used is studied to obtain the technological capital index. The composite index of technological capital is the average % of GDP for public expenditure on R&D (technological capital 1) and % of GDP for private credit (technological capital 2). Apart from using a technological platform with human capital, it is still necessary to account for the existence of a collaborative environment of institutions and people, that is, relational capital is needed, providing innovation. Up to the present moment, it has not been proved that innovation is associated with variables such as the degree of empathy between private companies and universities, public administration support, and the development of collaborative services. Measures of the relational capital variable will be included in our model and analysis.
-Relational capital Thus, relational capital is included, understood not only as a reduction of barriers to collaboration of human capital, but also to collaboration among businesses and between businesses and other entities. Relational capital within regions and a concentration of these factors create an economic, social and cultural environment more open to innovation. Two indices are used: sum of small and medium-sized enterprises with in-house innovation activities (relational capital 1) and sum of small and medium-sized enterprises with innovation activities in collaboration with other companies and institutions over the three pre- 
Results
Estimation model
The results of the estimations of the model adopted relating to the innovation production function are shown in Table 4 .
The results obtained for the estimation of formula (2) of the model referring to the innovation production function are presented in Table 4 . The first equation (2.1) is estimated considering that country-specific constants are randomised, obtaining the value of χ 2 = 14.87, following Hausman (1978) . In Table 4 , the p-value for the Hausman test is 0.02<0.05, i.e. the null hypothesis is accepted with random effects rejected, so fixed effects must be chosen. Therefore it is necessary to estimate the innovation production function and fixed effects shown in equation (2.2).
From the results obtained in equation ( 
Conclusions
This study proposes the existence of a new driving mechanism of innovation generation based not only on the accumulation of knowledge, but also on collaborative relationships between universities, private companies, and public administration. The assumptions made in a theoretical model of innovation, for the case of the Europe of the Fifteen, are contrasted empirically. It examines the economic geography of human and technological capital in Europe, factors that define this geography, and the effects of each of them on innovation in the European countries. Definitely, this analysis has allowed us to contribute to unravelling the complex web of relationships between human, technological and relational capital and innovation, clarifying key aspects of the innovation model adopted.
The main conclusions of the modelling performed are as follows: A) With our databases concerning European countries (the European Innovation Score- and relational capital factors have a positive and relevant role in the production of innovation. Collaborative relationships are beyond the market; however, they provide the link between innovation as an idea and its practical implementation. Certain regional conditions seem to play a significant role in the creation of an environment or habitat that could link human capital with technological capital, generating innovation. The three factors of human, technological and relational capital do not operate in competition with each other; instead, they tend to act by playing complementary roles in the economic growth process. D) All these results lead us to the assertion that innovation in Europe is the result of a cumulative process that involves a combination of relational capital as identified by Jacobs, Florida, Clark and Glaeser, with the human capital externalities identified by Lucas, Romer and Glaeser, and the role of technological capital reported by Romer and Solow. However, relational capital is the factor which provides the impetus for the implementation of innovation. Definitely, it should be concluded that innovation among the European countries appears within the process based on the following stages. In the first, institutional and non-market factors, such as collaborative relationships between universities, private companies and public administration, positively affect the production of human capital. In the second stage, the levels of human capital and technological capital generate technological innovation. Finally, in the third stage, higher levels of technological innovation lead to higher income levels. The effects corresponding to the human capital measures based on studies, especially the so-called tertiary studies, are higher than those based on educational levels.
Summing up, the results obtained indicate that the structure of relations between the discussed factors and innovation in the EU-15 countries is of great complexity. In this sense, it is highly relevant to conduct future in-depth investigations to further elucidate the numerous aspects treated in this work, which will allow us to advance in the knowledge of how those factors act on innovation in the European countries.
